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Introduction
Colon cancer frequency has continued to increase in Japan in recent years, becoming the third highest cause of cancer death in males and number one in females in 2014. Every year, there are over 40,000 deaths due to colon cancer, and reducing mortality rates has become a major goal. 1, 2 Excision of colon polyps using colonoscopy (CS) suppresses the incidence and mortality of colon cancer, 3 increasing the importance of CS. However, it is important to avoid patient refusal due to prolonged examination times and excessive pain. The development of physicians who are expert at CS can be valuable to improving these outcomes. The cecal intubation success rate of less-experienced physicians has been reported to range from 56% to 75%, 4 and such physicians have been reported to submit your manuscript | www.dovepress.com
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Kawasato et al have a higher risk of perforating the colon when inserting the colonoscope. 5 Colon models and simulators are current methods for practicing CS, 6 but it is necessary to accumulate experience with real cases for solid mastery of the technique. If physicians in the process of learning the technique can start by presiding over cases with a low level of difficulty, prolonged examination times and excess patient pain can be avoided. However, there are no clear standards, and in clinical practice this process is handled subjectively by instructors in each facility.
Cecal intubation time (CIT) has been used as an indicator of the difficulty of endoscopic insertion. 7 Not only the endoscopic operation technique of the physician, but also patient factors have been reported to affect CS difficulty. Reported CIT-related factors include sex, age, history of abdominal or gynecological surgery, body mass index (BMI), waist circumference, visceral adipose tissue, quality of bowel preparation, and involvement of fellow physicians. [8] [9] [10] [11] [12] An examination of the reports of factors related to CIT does not reveal a unified view, and there are several causes of differing results between the reports. Some reports indicate that visceral adipose tissue, BMI, and waist circumference are relevant, but no reports also investigated the metabolic syndrome-related factors of hypertension, diabetes, and hyperlipidemia. Additionally, few reports separated expert physicians and physicians in training with respect to endoscopic procedure. 13 In this study, we thus performed a retrospective investigation of many factors, including metabolic syndrome-related disorders, with respect to the characteristics of cases over which endoscopists being trained in CS should preside, using CIT as an indicator.
Material and methods
Ethical considerations
The study was reviewed and approved by the Ethical Committee on Human Research at Yamaguchi University Hospital (H27-181). Patients were not required to give informed consent to the study because the analysis used anonymous clinical data that were obtained after each patient agreed to initial treatment by written consent.
Patients
The subjects were new patients who had undergone colonoscopic examination at Yamaguchi University Hospital from April 2011 to December 2014, excluding cases of emergency endoscopy. The examination excluded, 1) patients with a history of colectomy, 2) patients in whom the cecum could not be reached due to advanced colon cancer or a similar condition, and 3) patients for whom information was lacking for at least one of the items under investigation.
Cs
On the day prior to the examination, the patients fasted from 9 pm and took two tablets of sennoside (Sawai Pharmaceutical Co Ltd, Osaka, Japan) as a pretreatment. On the day of the examination, the patients took two tablets of metoclopramide (Elieten; Takata Pharmaceutical Company Ltd, Saitama, Japan) and a total of 2,000 mL of polyethylene glycol (Niflec ® ; Ajinomoto Pharmaaceuticals Co Ltd, Tokyo, Japan). The endoscopes used were CF-H260AZI, CF-H260AI, CF-Q260DI, PCF-Q260AZI, PCF-Q260J, and PCF-PQ260I (Olympus Corporation, Tokyo, Japan). CO 2 insufflation was used for all cases. Sedatives and antispasmodics were essentially unused. The CIT was calculated by capturing one photograph immediately before endoscope insertion and capturing another photograph when it was verified that the cecum had been reached. All patients received an explanation of the risks of hemorrhaging and perforation from colonoscopic examination, and written consent was obtained.
Of the physicians performing the endoscopy, those specializing in the treatment of gastrointestinal disease and with at least 9 years of endoscopic experience were considered expert physicians, while all others were defined as physicians in training. The fellow physician was involved in cases when an expert physician judged that deep insertion was difficult after at least 15 minutes of insertion time, when patient pain was high even before 15 minutes had elapsed, and when fluctuating vital signs were noted. Diverticula were considered to be present when confirmed in the endoscopic findings, regardless of location or number. The quality of bowel preparation was classified as good (no or small quantities of liquid which occupied less than one-third of colon lumen) or poor (large quantities of liquid which occupied more than one-third of colon lumen or presence of solid feces).
Clinical background
Information was gathered using a survey prior to endoscopy. The items were sex, age, hypertension, diabetes, hyperlipidemia, history of abdominal surgery (excluding colon resection), and prescription of antithrombotic agents.
Definition of eligible cases
A CIT of less than 15 minutes has been reported to be a reasonable standard for measuring technical ability, 12, 14 and therefore in this investigation, cases in which a physician in training reached the cecum within 15 minutes without Clinical and Experimental Gastroenterology 2017:10 submit your manuscript | www.dovepress.com
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Obesity and metabolic syndrome factors and colonoscopy requiring involvement of a fellow physician were defined as eligible cases for a physician in training, while all other cases were considered non-eligible cases.
statistical analysis
Unpaired t-tests, c 2 tests, and simple logistic regression analyses were used in the univariate analysis. For multivariate analysis, multiple regression analysis was used for the insertion time, and multiple logistic regression analysis was used for the investigation of eligible cases. The statistical significance threshold for multivariate analysis was P<0.05. STATA13 software (StataCorp LP, College Station, TX, USA) was used for all statistical analyses.
Results
Of the 4271 cases of CS performed during the target time period, 914 were new patients, excluding emergency examinations. Of these 914 cases, there was a history of colectomy in 50 patients, the cecum could not be reached due to advanced colon cancer in 13 patients, and information for at least one of the investigated items was missing for 38 patients, for a total of 101 excluded cases. The final count for the investigation was 813 cases (Figure 1 ).
There were 18 endoscopists performing CS, of which five were expert physicians and 13 were physicians in training.
The clinical backgrounds of the target cases are shown in Table 1 Final cases for study (n=813)
Expert physician started (n=251) Physician in training started (n=562)
• Cases with history of colectomy (n=50)
• Cases when the cecum could not be reached due to advanced colon cancer or the like (n=13) • Cases when information for at least one item under investigation was missing (n=38) Table 4 ). In the multivariate analysis of items with a P value <0.1, a significant difference was found for male sex (Table 7) . Multivariate analysis of only the factors with P<0.1 found a significant difference among cases with hypertension (P=0.004) ( Table 8) .
Discussion
The present study found that metabolic-related factors can affect the CIT of physicians in training. The eligible cases had a significantly higher proportion of males, younger patients, patients with higher BMI, those with good bowel (P=0.017), younger age (P=0.033), higher BMI (P=0.034), cases with hypertension (P=0.001), and cases with good bowel preparation (P=0.001) ( Table 5) . When backgrounds were compared by sex, many differences were detected, as shown in Table 6 . A univariate 
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Kawasato et al preparation, and those with hypertension. Furthermore, in separate analyses for males and females, eligible male cases had a higher proportion of younger patients and those with good bowel preparation, while among females there were a higher proportion of patients with hypertension. A prior report asserted that females have longer colons, which more easily form loops due to a deeper and rounder pelvis. 15 Females are also considered to have less visceral fat, resulting in less tissue supporting the colon than in males thus making endoscope insertion more difficult. 16 Older age was associated with longer CIT, as the elasticity of the colon decreases and loops are formed more easily with increasing age. 8 Previous studies also found that patients with lower BMI were more difficult to intubate. 8, 9 BMI is correlated with visceral fat, and there is more robust colon support when there is more visceral fat, resulting in less loop formation during CS. Obese patients are also said to have shorter colons. 8 When bowel preparation is poor, the difficulty in clearing a field of view during insertion can conceivably cause insertion difficulties. 17 In our study, hypertension, diabetes, hyperlipidemia, and CIT were studied as metabolic syndrome-related factors. This study newly discovered a higher proportion of eligible cases among patients with hypertension; no prior reports investigated a relationship between hypertension and CIT. It is believed that there are more eligible cases among hypertensive patients in whom the sympathetic nervous system is dominant, and conversely a suppressed parasympathetic nervous system could reduce bowel peristalsis, facilitating endoscope insertion. In fact, patients using antispasmodics have been reported to have a shorter CIT. 18, 19 Antispasmodics were not used in our study, so there is the possibility that endoscope insertion caused difficulty in cases with active bowel peristalsis, or, in other words, cases with a dominant parasympathetic nervous system and reduced blood pressure. It may be necessary to collect data on the autonomous nervous system in the future when elucidating the relationship between the autonomous nervous system and endoscopic examination.
Prior studies have also reported that the CIT is longer in cases with a history of abdominal surgery, but cases of appendectomy were included in the current study, resulting in the possibility that a correlation could not be obtained. Additionally, many prior investigations have used sedatives, 8,9,12 but sedatives were not used in the present study, resulting in the possibility that the inclusion of cases with strong patient pain as an indicator for involvement of a fellow physician during the procedure caused our results to differ from the preceding reports. Additionally, although this may be a characteristic of the tertiary care center in the current investigation, it cannot be denied that the use of many different endoscopes could have had an effect on insertion times.
Considering the characteristics of CS cases that should be presided over by an endoscopist in training based on the above results, such physicians should start with males because of the higher percentage of eligible cases among them. A plan of presiding over younger male patients and quickly replacing the trainee with an expert physician if poor bowel preparation is discovered could conceivably reduce patient pain and enable efficient cultivation of technique for physicians in training. Among female patients, physicians in training should preside over patients with hypertension.
A limitation of this study is that it was conducted at a single institution, and being a tertiary health care facility could have caused a bias in the cases analyzed. Due to being a retrospective study, further verification is considered necessary through a prospective investigation estimating which cases have a high likelihood of being eligible based on the present results. Few studies have separately investigated expert physicians and physicians in training, 13 and few reports have investigated the characteristics of cases where a physician in training was able to reach the cecum without being replaced by an expert physician within a stipulated length of time. 4 As a result, there was almost no evidence indicating which types of cases a physician in training for CS should initially conduct. The present results can enable more efficient development of CS insertion technique and reduce patient pain.
Conclusion
This study is the first report to investigate the CIT during CS with regard to the metabolic syndrome-related factors of hypertension, diabetes, and hyperlipidemia, which has resulted in extremely useful findings for considering cases over which a physician in training should preside.
